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New Dimensions in Particle Physics
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Experiments in Particle Physics
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1he Origin of Mass

Energy is part of our universe, but why does mass exist?
Experiments are currently searching for a particle called a
"Higgs boson" that is believed to generate mass. Modern
ideas such as supersymmetry and string theary may
provide a deeper understanding.
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since Einstein’s time, we have scught ‘

a theory that unifies the forces of
HMaturs. At last we meay be chose to s

theary joining gravity to the strang
farce that binds the nucleus, the o
electromagnetic force that holds &
atoms together, and the weak force

that produces the kind of radicactivity

used in dating old artifacts with

Carbon-14.,

New Forees of Nature

Four fundamental forces are known, but there are reasens to think thers
may be mare forces in nature, including the "anti-gravity” force that

seems 10 be accelerating the expansion of the universe.
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The Path of Discovery
Human curiosity fuels our desire to understand the
natural world at ever deeper levels and has led to our

greatest achievements in science and technology.

Driven by new puzzles in our understanding of the
physical world, particle physicists are following paths

to new wonders and startling discoveries. Steps along
the path include experiments using everything from

supersensitive devices on a laboratory tabletop to giant
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The interactions of fundamental particlaﬁ such as
electrons, quarks, and neurrinos, derermine the
ultimate fare of the universe and the structure of
space itself.




plorve Fundamental Issues | ~

Hidden Dimensions of Space

We're all familiar with the three-dimensions of space, o
but strange as it may seem, there may be additional
dimensions we just cannot see. Evidence for hidden
dimensions may soon appear in experiments, perhaps
in particle collisions like the one below. H}rputhésizjng

extra dimensions helps us understand an otherwise

puzzling collection of facts about nature,

Alchough this is only one of the fascinaring : The Mﬂﬂﬂg

questions facing particle physics in the Antimatter

new millenniwm, we use it on the Matter and antimatter ware created

in the Big Bang. Why do we now see
only matter exceprt for e Tiny
amounts of antimatter we make in
the lab and observe in cosmic rays?
Whean matter and antimatter meet,
they annihilate into pure ensrgy.

inside pages to illustrate how

parricle physics is done and

what it may be able to show us /
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Sl The Birth and Fate *
of the Universe :
As the universe expanded after the ! ;,,
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Big Bang, particles such as quarks I, e

and photons emerged. Evenlually il o =~ :

| was cool enough for atorns to form. T L.“

Gravity pulled matter together to t..r_ , c
make stars and galaxies. Gravity i . J A “
slowed the expansion of the whole ; L o

_ universe. Yet today there is evidence g‘b

1 : that the universes expansicn has . )

speeded up. WWhat could account

for this? "

The Nature of Darlke Matter and Dark Energy

Astrophysical cbservations of galaxies and of distant supernovae seem to
indicate that much of our universe is dominated by forms of matter and energy
unlike anything we have previously seen. Ultra-sensitive experiments attempting
to directly detect this dark matter in the laboratory are presently underway.




Challenging our Understanding of Gravity

Tabletop Experiments

Some paradones of particle physics can be investigated in surprisingly
direct ways. Measuring the force of gravity extremely carefully with a
tabletop apparatus could reveal the existence of hidden dimensions,

The astanishing possibility is that, at very short distances, gravity may
no lenger follow Mewton's Law (force of gravity varies inversely with
distance squared], The actual strength of gravity at less than 1/32 inch
(0.8 mm} is being tested using exquisitely sensitive instruments, such
as the predision torsion pendulum at the left. & deviation from
Mewton's Law would be evidence for hidden dimensions

Gravity and Hidden Dimensions?

Gravity is so weak that a tiny magnet can hold up a paper dip against the gravity of the entire Earth. Perhaps gravity is
weak because its effect is spread out over more than three space dimensions, while stronger forces ke magnetism are
canfined to just the three dimensions we perceive. Motice that the field lines below are more spread out in three
dimensions than in twe dimensions. The same would be true comparing four dimensions to three dimensiens.

greater force than
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General relativity tells us that
gravity warps all of space
and is therefore sensitive to
all the dimensions of space.




PEERING

Other Universes?

Our three-dimensional universe may be
only one of many 30 universes. These
universes may lle within extra (hidden)
dimensions, To illustrate this, we show
20 universes in a space with a hidden
3rd dimension. Because of this 20
analogy, these parallel universes are
sometimes called “branes,” short for
membranes. If gravitons (carrier
particles of the gravitational force) can
travel through other dimensions, they
gy be pulling us in wuch with other
universes!

The inner working of the CDF detector ar Fermilab,
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Accelerator

Evidence for hidden dimensions migh
Most collisions have a balance of partic
momentum conservation). However, 1

be the case. An energetic graviton hea
hidden dimensions. This would cause

more particles headed left than right.
an altogether different three-dimensio

For more information o;
these fundamental issue
on the back o



DDEN DIMENSIONS

Xperiments .
ne from dramatic particle collisions.
oming out to the left and right (from

e are extra dimensions, this need not

for, say, the right could slip into the
disappear from the detector, leaving
escaped graviton might find iself in

Mini Black Holes

Iicroscopic black holes might be
produced in partide collisions that occur
when veny-high-energy cosmic rays hit
particles in our atmasphere, These mini-
black-holes would decay into ordinary
particles ir a Liny lraction of a second
and would be very difficult to observe in
our atmosphere. However, in powerful
accelerators now under construction,
we may be able to study these decays
in laboratory collisions and show that
they came from mini-black-holes.

niverse.

OLLISION POINT

The calorimeter of the BaBar
detector at the Stanford Linear
Accelerator Center (SLAC),

This end view shows some of the
concentric layers used to track
particles.

w experiments explore
isit the websites listed
s brochuere.




Seeking Signs of Other Universes

Astrophysical Observations . . * s "
Through thelr graulwtlﬁual pull, unfverses In other dimenslens :
may have influenced the formation of our universe. Bl W FS

gravitons inta hidden dimensions and 8
thereby increase its rate of cooling. S

All matter and light itself may be trapped in the
dimensions of our visible universe, while gravitons may
escape into hidden dimensions. Any matter in another GCRAVITON FROM
universe would appear dark to us. SUPERNOVA
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The Impact of Particle Physics
Invention of the World-Wide Web

The World-Wide Web was invented at a particle physics laboratory (CERN} to enable For move Informarion, contact:

large world-wide collabarations. To see what partide physicists have done with their Wichael Barnett
invertion and to learn much more about particle physics, ook at these websites: Lawrence Berkeley

. National Laborat
» http:/iParticleAdventure.org A ARl

s+ http:{{HiddenDimensions.org http:finnmnelbl.goy
* http:/iparticleadventure.orglotheriothersites.htmi barnett@LBL.gov
. 510) 486-5650
Educational Programs it

Programs for students, teachers and the public at 100 universities and laborateries
are described in a2 ZUU-page brochure entitled: Fartide Fhysics: Education & Cutreach

2007, You may request it and also see it at: http Awww-ed. fnal.gowhep/home. html

Particle Physics, Medicine and High-Tech

Medical imaging has been a vital outcome of research such as that in particle physics.
Even antimatter has become a tool for medidne, Using positrons (the antiparticle of the
electron), Positron Emission Tomography (PET) watches the way cells “eat” substances
such as sugar. Cancer cells have a higher metabolism than normal, healthy cells. This
enaibles the PET scanner to identify areas where cancer cells might be presant,

The need to analyze enormous amounts of data at institutions around the world has
stimulated information technolegy in new directions with broad future applications (see

for example httpafiwwegriphyn.orgfinfofindex. himl).

Particle physicists at 180 US universities and laboratories train students to examine
problems analytically and quantitatively, The students’ kills make them invaluable to
medicing, financial institutions, high-tech firms, government, and research institutions,

Particle Physics Research
Websites of Major American Particle Physics Labs

* Brookhaven wwwbnl.gov o LIGO www figo.caltech.edu
* Carnell wwwiins.cormefl edu o SLAC wwwslac stanford.ed
» Formilab wesafnal gov

International Collaboration

LS. physicists are playing a major role at the world’s mast powerful acceleratar, the
Large Hadron Collider, under construction at CERM (hrtpiiiwwean. cern.chy). They

participate in other international experiments in Antarctica, Asia, Europe, North and |
South America (httpdAwwwslacstanford.edufspires/experimentsionline_exp shiml).

# Purticle physics in the Unised States is funded by the ULS. Deparament of Energy. Division of High Energy «
Physicy and whe U5, Navional Science Foundarion, Divisions of Physics aned of Astromamical Scfences, '




